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SYSTEM FOR MONITORING PHYSIOLOGICAL CHARACTERISTICS 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] This invention relates generally to medical monitoring systems. More 
5 specifically, this invention relates to methods and systems for monitoring 
physiological characteristics in individuals including those associated with 
physiological conditions (e.g. monitoring blood glucose levels in diabetics). 

2. Description of the Related Art 

10 [0002] A variety of electrochemical sensors have been developed for detecting 
and/or quantifying specific agents or compositions in a patient's blood. Notably, 
glucose sensors have been developed for use in obtaining an indication of blood 
glucose levels in a diabetic patient. Such readings are usefiil in monitoring and/or 
adjusting a treatment program which typically includes the regular administration of 

1 5 insuUn to the patient. Periodic blood glucose readings significantly improve medical 
therapies using semi-automated medication infiision devices. Some exemplary 
external infusion devices are described in U.S. Patent Nos. 4,562,751, 4,678,408 and 
4,685,903, while some examples of automated implantable medication infiision 
devices are described in U.S. Patent No. 4,573,994, all of which are herein 

20 incorporated by reference. 

[0003] Electrochemical sensors can be used to obtain periodic measurements over 
an extended period of time. Such sensors can include a plurality of exposed 
electrodes at one end for subcutaneous placement in contact with a user's interstitial 
fluid, blood, or the like. A corresponding pluraUty of conductive contacts can be 

25 exposed at another end for convenient external electrical connection with a suitable 
monitoring device through a wire or cable. Exemplary sensors are described ui U.S. 
Patent No. 5,299,571, U.S. Patent Nos. 5,390,671; 5,391,250; 5,482,473; and 
5,586,553, which are all incoiporated by reference herein. 
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10004] Conventional glucose monitoring systems are somewhat limited in features 

thattheyprovidetofecilitatethemonitoringofbloodglucoselevels. Typically a 
glucose monitor wiU take leadings as directed by the user and mxght provide a ' 
wammg if a reading is deemed at an unsafe level (e.g.. a ^yper- or hj^oglycemic 
condition). However, by the time the warning occurs, the user may already be 
expenencing negative symptoms. Furthennore. it may be unacceptable to address this 
by smiply r^ucing (or raising) the value which triggers an indicator (e.g. an display 

an alann or the like)of an unsafecond.txon. because this maypromptauser to take' 
remedial" action (such as administering an additional bolus) when no unsafe 

condition wouldhaveactuallymaterialized. Such an approach merely increases the 
occurrence of false positive alarms. As a consequence, the unnecessary ««remedial" 
action can actually provoke an unsafe condition. As described above, although 
existmg glucose monitors adequately detect blood glucose levels upon entering the 
hyperglycemic range, they do not anticipate these conditions. 
10005] As is known in the art, a glucose crash occurs when blood glucose levels of 
an mdividual are in a state of rapid decline and its symptoms are similar to those 
associated with hypoglycemia. The symptoms are caused by the dynamics of a 

dechmngglucose level and not by an absolute glucose level. Specific symptoms can 
include a feeling of Hght headedness. sweating, tremors, nervousness and/or 

disonentati^^^ Disorientation is a particular risk to the patient. If the patient becomes 
disonented while operating machinery, thepatient could h^ himself or others A 
glucose crash can be caused by any of the following events: excess insulin 
admmistration; an unexpected increase in insulin sensitivity; a fall of free fetty acids 
m the blood; heavy exercise; or mental or physical stress. As previously mentioned 
ordmary glucose monitors provide only for detection of hypoglycemic and 
hyperglycemic levels. 

100061 Impaired ft.tag gho„« ^oy ^ ^ ^ ^^^^ 

by oonveMional glucose n»m,.^ American Diabetes A«»cWon (ADA) 
.OenHfies IPG as an ™d.si«Me glucose condiaon. defined as a 126 mg/dL or higher 
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blood glucose level at wakeup. Repeated DFG events can contribute to diabetic 
morbidity. One cause of EFG is an inadequate nocturnal insulin basal infusion rate. 
Although a patient can deal with the IFG after waking by administering an insulin 
bolus, it is preferable for the patient to avoid IFG incidents entirely. 
5 [0007] Typical monitors provide only a single alarm to call attention to the user. 
This can be problematical in contexts of varying physiological states because a user is 
not made aware of the specific condition and/or the appropriate degree of urgency. In 
existing alarm systems, until the user investigates, there is no indication of the reason 
for the alarm or the severity of the situation. 

10 [0008] Conventional monitors are designed to alert the user of unsafe conditions, 
however, many other factors and situations are also important to the user in managing 
treatment. For example, events such as meals or exercise, as well as entering 
cahbration values are not tied to reminders issued by conventional monitors. In 
addition, simple alarm systems alarms can provide duplicative warnings which can 

15 fnistrate users and become ignored if they are excessive. 

SUMMARY OF THE INVENTION 
[0009] The invention as embodied and disclosed herein pertains to apparatuses and 
methods for monitoring physiological characteristics such as blood glucose levels. 

20 Embodiments of the invention include dynanuc monitoring functions that can perform 
predictive analyses to anticipate harmful conditions, such as hyperglycemic (or 
hyperglycemic) incidents, before they occur. These dynamic functions can be used to 
monitor normal physiological functions, as well as in a variety of other contexts 
including the optimization of athletic performance. Other embodiments of the 

25 invention include advanced alarm and reminder functions, as well as advanced data 
presentation tools. Embodiments of the invention disclosed herein facilitate the 
convenient and efficient management of diseases such as diabetes. 
[0010] One embodiment of the invention includes a method of monitoring a 
physiological characteristic of a user using a device including an input element 
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cpabl. of r««™g a signal Sob, a sensor tta. is bas«i „„ a sensed physiological 
obam^sac value of to user, and a p,o«ssor for analyzing tt,e received signal In 

Woalen*odin,en.s„fto,nvenaon,top.cessord,,e™inesadynanncbeh^^^^ 
tte physiological eharaCeristfc value and provides an obse„aWe indicator based upon 

aed,namicbel,aviorofthephysi„logicalol,arac,erislicval„es„de,ennined Ina 
prcfared embodiment fte physiological characerisfc value is a measure of 
oonceni^ion of blood glucose in «>c user. In anota embodimcn,. fte process of 
analyzmg received signal and deiermining a dynamic bchavor includes repeatedly 
measunng tt,. physiological characcisac value ,o obtain a series of physiological 
characterisdc values to detennine how the physiological characterisdc is changing 
overtime. ^ 

[0011] h some embodiment, of d,. mvention. each of the series of physiological 
*a,«eristic values includes a smoothing filtered gtoup of repeated physiological 
eWterisdcvaluereadings: m such embodiments, a slope ofa line St to the series 

ofphystologicalchatacteristicvaluescanbecalculatedifamostrecentoftheseriesof 
pysiological characteristic values is wt-thinaqualil^^^^ 

ofthemve„t,on,.hephysiological characteristic value«adingsn,aybe decreasing 
^d the slope is negative. Topically, .he mdicator can abo include a warning ahrm 
that ,s r^ponsivc to the dynamic behavior piffle of the physiological ohatacteristic 
value. ™ewa5A,g,alarmcanrtsoannounceanantieipatedglucosec,«t*,4«ity 
low glucose levels, dep«ding on the operating pannneters of the particular dynamic 
analysts, including comparison of the slope to a th^hoM rate (e.g, 1% ,0 3% per 
nnnute) and comparison of the cmrent n>easu,«i vahe to a quali^ .ange (e g 60 

.ol50mg/dL, b.ypical™,b„diments.theseriesofvalu.sanaly^is,akenfe;ma 
^5 lefiued span oftime(e.g, ten to thirty minutes). 

10012) '«other,ypic»l«nbodimentsoftheinv««i„n,anan«cipatedphysiologicaI 

caractensticvahteisdetenninedftomanex^latedcvebaseduponaeseriesof 
Phystologtcal Characteristic values, b such «nbodnnents the indicator can provide a 

wannngofan anticipated nto^ingghcos. incident. In preferred embodiments a,e 
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series of values analyzed can also be talcen jfrom a defined span of time (e.g. one 
hour). In one embodiments, the extrapolated curve is determined from a slope of a 
line fiit to the series of physiological characteristic values and an average of the series 
of physiological characteristic values. In another illustrative embodiment, the 
5 anticipated physiological characteristic value can be determined approximately three 
hours before an anticipated wakeup time. In addition, in certain embodiments, the 
indicator can be provided if the anticipated value is outside a qualifying range (e.g., 
approximately 60 mg/dL to 126 mg/dL). 

[0013] In related embodiments of the invention, a slope of a line fit to the series of 

10 physiological characteristic values is calculated if a most recent of the series of 

physiological characteristic values exceeds a threshold value and the slope is positive. 
In such embodiments, the indicator can provide a warning of an anticipated 
hyperglycemic incident. In an illustrative embodiment, the series of physiological 
characteristic values spans a time period of approximately thirty minutes and the 

15 indicator will be provided if the slope is steeper than a threshold rate. In this context a 
typical threshold rate can be approximately 3% per minute and the threshold value 
can be approximately 180 mg/dL. In such other embodiments, the indicator can 
provide a warning of an anticipated hypoglycemic incident. In an illustrative 
embodiment, the series of physiological characteristic values spans a time period of 

20 approximately thirty minutes and the indicator will be provided if the slope is steeper 
than a threshold rate. In this context a typical threshold rate can be approximately 3% 
per minute and the threshold value can be approximately 70 mg/dL. 
[0014] Another embodiment of the invention includes a physiological characteristic 
monitor (and corresponding methods for its use) including an input device capable of 

25 receiving a signal firom a sensor and a processor capable of analyzing the received 
signal and providing multiple alarms, each of which can be based upon different 
conditions associated with the physiological characteristic value of the user. In 
preferred embodiments, the signal is based on a physiological characteristic value of a 
user. In some embodiments, the multiple alarms are distinguishable from each other 
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and can include any one of a wide variety of signals such as audible signals, visual 
signals, tactile signals, displays, and/or the like. 

I0015J In some embodiments of the invention, the processor determines a 
physiological characteristic value fiom the received signal and the multiple alanns are 
based upon that value. In such embodiments, each of the multiple alanns can then be 
tnggered if the physiological characteristic value exceeds an associated threshold 
value. 

[00161 In other embodiments of the invention, one of a first pair of the multiple 
alarms can be triggered when a narrow range of physiological characteristic values is 
exceeded. The fct pair of the multiple alarms is typically associated with a first 
upper threshold value and a first lower threshold value, respectively. In further 
embodiments, a second pair of multiple alanns can be triggered by events a wide 
rmge of physiological characteristic values (e.g. exceeding a predetennined value) 
The second pair of the multiple alanns can be associated with a second upper 
threshold value and a second lower threshold value, respectively. 
[0017] In yet another embodiment of the invention, a physiological characteristic 
momtonng method and device are disclosed which include an input device capable of 
receivmg a signal from a sensor and a processor for analyzing the received signal. 
Typically, the signal is based on a physiological characteristic value of a user hx 
preferredembodiments,theprocessprinitiatesatimerbas^^^^^ 
associated with the physiological characteristic value of the user and provides a 
reminder to the user following expiration of the timer. In some embodiments of the 
invention, the reminder can include an alami signal selected from the group consisting 
of an audible signal, a visual signal, a tactile signal, a display, aad/or the like 
Typically, the duration of the timer is preset based upon the specific initiating 
condition. 

[0018] In prefen^ embodiments of the invention, conditions which trigger the one 
or more alarms can vary. For example, the conditions which trigger the one or more 
alarms can be an event maricer such as meal markers, exercise markers, high blood 
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.«os.ma*„sand,owMoo.g.ucosen«*».UcconaiU<M.)wMch«gge,^ 
: .he...d.c.-oa.e*a.an« — v.>ues.ouM>»»«^ 
5 rigicaUharac..Hs«cv..ue^.*=recciv.asig.al.oa*.«gSenng 

^ve toe andda^. bote«.*oatae„...«.e sU,redphys,o,og,ca, 

' =1-— - 

va>u=».d«««««peo«vedisplay*o»stoiirs.and«o™inumber. 
,„j., taote»bodtaenuof«>ei„ve„ti».thea.or=dphys,olo^ca. 
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a» physiological characw^^valuedau a. weU as ae,o..,„™ber„f,eadi„g. for 
Ih. philological characwstic value data. In prefered cmbodimem. of 

mvendo„.»cfc,p„rto«a„dfte^dpor«onca„b»hown as inlc^,^ value. 

McgraW vah.« can be baaed on „f n^agri^e diiferenc. iron, ,he ' 

"PP« blood glucose value and fte tower bl«,d glucose value for ae firs, and .econd 

P««.on, respectively. Insuchanbcdin,en,s.aei„te^Wv,taes can be divid«.bya 
respechve duration of sensor use. 



2SS£DESaffIIONOF32iEDRAW2i^ 

10 [0022, R^feningnowtothedrawingsinwhichhkereferencenumbersrepresent 
corresponding parts throughout: 

10023] FIG. 1 is a block diagram of a characteristic monitor embodiment of the 
present invention. 

I0024J W0.2isabloclcdiag™„„fa,eIeme,e^,h^^,„„^^ 
15 embodmient of He present invenlion; 

I0025J FIO. 3A is a llowchar, of a meftod for anticipating a gl„co« cn«h; 
[0026, FIG. 3B is a flowchart of a n,«hod for detecting an inadequate n™=tumal 

basal rate; 

10O27, FiaaCisaflowchartofaaetbodforanticipatingahyperglyc^ic 

20 mcident; 

10029] FIG. 4 Illustrates a multiple alarm fimction of the invention; 
[0030] FIG. 5 illustrates a reminder function of the invention; 
[0031] FIG 6Aillustratesminimumandmaximmndatapreslntation- 
!5 [0032] FIG. 6B illustrates excursion datapresentation- 

(0034J FIG ^DiUustratesintegratedcharacteristicvaluedatapresentation 



8 



wo 03/057027 



PCT/US02/40378 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
1. Overview 

[0035] Embodiments of the present invention encompass methods and systems for 
5 the convenient operation of monitoring physiological characteristics ("characteristic 
monitoring systems")- The description provided here encompasses the architecture of 
the apparatus as well as its control and convenience features. The control and 
convenience features of the present invention can be implemented in a wide range of 
detailed characteristic monitoring system designs. Although embodiments of the 

1 0 present invention are primarily described in the context of glucose monitors used in 
the treatment of diabetes, the embodiments of the invention are applicable to a wide 
variety of patient treatment programs where a physiological characteristic is 
periodically monitored to use in estimating the responsive treatment. For example, 
embodiments of the invention can be used to detemiine the status and/or levels of a 

15 variety of characteristics including those associated with agents such as honnones, 
cholesterol, medication concentrations, pH, oxygen saturation, viral loads (e.g., HIV), 
or the like As is known in the art, a sensor for the characteristic monitor can be 
implanted in and/or through subcutaneous, dermal, sub-dermal, inter-peritoneal or 
peritoneal tissue. Such sensors typically communicate a signal from the sensor set to 

20 the characteristic monitor. 

[0036] General embodiments of the invention include a physiological characteristic 
monitor coupled to a sensor set. In prefenred embodiments, the sensor set and monitor 
are for detemiining glucose levels in the blood and/or body fluids of tiie user without 
the use of, or necessity of, a wire or cable connection between the transmitter and the 

25 monitor. 

[0037] Embodiments of the characteristic monitor system of the invention are 
primarily adapted for use in subcutaneous human tissue. Alternatively, embodiments 
of the invention can be placed in a variety of other types of physiological milieus, 
such as muscle, lymph, organ tissue, veins, arteries or the Uke, as well as being used 
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ton,ta«i such as ammal &s„e. Embodtaents of tte invendon can 

P^vde a«,„ readtaga on an inte»«en., near<„„ta„„. or contouou. basis 
100381 Bmbodimente of fte invanHon include sensing and advanced predicSve 

«««™°fa-«to,whicha.desig„^,oanacipa.ennsafeco„didonsfo,a„ser 
befo^aeyoccnr. 1" a-<«.ion, pr^cive tocdons can be employed so .ba, a nse. 
can obto feedb^* to «bd,in a desired physical objecdve. such as maxinnzing 

aWcdcperft^ance. Other ftncdonsoffte monitor incinde^ldplep-ogrannnable 
ala^s and rennnders. Embodiments of the invendon can incl.de «^^ced drsptay 

'o^'oftdli.a,. easy and ,nicfcin.«pretaaon of informadon stated ,0 the nser-s 
10 condition. 
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2. Glucose Monitor 

100391 FIG. 1 -ablock diagram ofacharactedsdcmonitodngsyst^nlOOin 
accordance wid, an embodiment of the present invendon. Tic charadedsdc 

mom,oringsystem,00gcne,^,yinc,ndesasensorse,102tha,emp,oysas«,.orU,a. 

PJodncesasi^a,,ha,co,xesponds.oameasur»<cha,acWsdcof.henser.suchaaa 
Wood glncose level. The sensor set 102 con,m„mca,es these sig«,ls u, a 

characterisdc momtor 104 d,.t is deigned to in,en« these signals to prodnce a 

chamcterisdc reading or value for the user, i... a measnr^en. of the charaCeHsdo. 

ne^ensorsi^als enter the moni.or-1.04.d^ngha«inp„,,„6 and ihronghd. 
sensor mpn, 106.hesignaisareconvey«ltoap,ocessor 108. -nreproccssor 108 
determmes and manipnlates the sensor readmgs within dre nronitor 104. m addidon 

bn,no,ltoitedto.d.cha,actedsdcmonito,104providcsaddidona.fbncdonsd«.' 
W.11 atd m the treatment regime to which d,e charactetisdc reading applies For 

«utnotlimit«,to.d,e„oni.ormayd^meals.exercis.andotherac«vides 
^chaff^tdretreadnentofdiahetes. 11»seaddido^fi„d„^canbecombh.ea 
w.*ormaependent6omd„charaoteris«c.e*^ 

I0040I O«.='«>-»Po»«»of,hen,onitorl04s«ppor.diep,ocessorl08m 
perfo^ing factions. AmcmoryllOis used ,0 store data and insnncdonsnsed by 
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*">"'^"°'-^7dlIvU4«hasalicpidcry..d display (WD), orte 

5 ,00411 Thedauportneoanbeusedfora n«»» 

computer 118. TO laciiiui . .■ „ .Mthalcansaveasadookmg 

1 1 s throu* a commimicafcon station 120 that can sei. 

.0 — «^™'*^,„^^3ndo.heiinfon„ation*..dto,l« 

"^^tir^v.LVca.beperfonnedonac.^^^ 
monitc-s function. Thns, ad ^ ,,3,acteristic ridings, settmgs 

m^oryllOvntbtatliemointormDatasuch ,„4 tothi. way, the monitor 

^nbodimentofthemvention. Infbissystan (Rp)^,er. The 

^monl.or.04.a».relessre«ver.^h^ar^^^^^^^^ 

:r.^:ntio.o..em^i— ^ 

25 characteristicmonitoringsyste.ofna^^^^ ^ ,,,ord^ce with a preferr^ 
100431 A characteristic momtor system 100, m 

t the mesent invention includes a sensor set 102, and cnar 
embodnnent of the present in ^lizes an electrode-type sensor. 

A^.T^rR^M The sensor set 102 generally ut* 
monitor device 104. ^j3^^3,,3, 3„ch 

However, in alternative embodiments, the system 
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*= ex.en.al surftce of skin or placed Mow «,e ^ ,ayer ot^euser P^fe^d 
7*-»-»fa»^-».eda™.o,„«„.ei,,e.«,a,fluMHa,,..ed~ 
prov.desaai^Ba^^^,„„^,^^^^^.^^^^^^^^^ 

ch«*„^o,ead,-^„rva,„e(.,,.aW„odg,„cose.eve„.hsffl,„ta 
"*^««^.".= ™.nay5ep,aoedi„„tepa,«offte5«,y.a„ohaa b«». 

mo..or.,a„™„„202cani„cMea„ceiv..„r»e,ike..fi»,,a,etwo.w^^ 
~ca.onbe.,«„^e,e.o...,02andU,coha,ae.«c...o^.or,„4^'^ 

^Po8ra™™,„gof,he,e,e.«e,edc,.a,ac«a«o™^,or^^,02. 

2.o„a„,ayorrepea.er(«.ho„„)ca„,e„«d«,taw™cha,ac.«i^, 

7"«'---»-202a„daeW«*c„o*H04.oi„c™.,fl,,di«a.«t^^ 

Characteristic monitor 1 04. For examnlp th^ 

example, the relay can be used to orovid*' mfnrmot; 

^o^e™o„d^,.eepordohga«ivi«eai.abcaUo.,^,.i,„^.^^; 
a^*Uon,a>e.,ayca„,ecapabIeofp„,,idtag.a,«e,e,«,cha««s«o.„^,or 
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of fte mve...on can o,m. .he c»nB. .„bodim»e. 

10 teBketo^-ontalp. ^ _^^i„,We the capability fert-n*""""^ 
„„,*<.ring of multiple s««ors and/or tncMe ^ 

15 monitorsysteinsl00,200canptovi , ^^gtics Embodiments of the 

inventionarealsousefulasaneval ^ ^^^^^.^eristic mfom^^^^ 

-ch^^™— ^^^^^^^ 

as glucose dataortheike,^ ^^^^^ 

20 ^cceiv^lglucosere^Jmgs. ^-88=^""'=""' ,«ail^ dau analysis. In 

„niU,rl04toape,so^c<»p».e,,lap.op,or*elto,fo^^^^^^^^^^ 

fcrttoembodiinents,thechaMctenst.cmomtorsy ^ . 

invention 

^spi.alenvi.nn.en,,orte^. ^^^^^^^^^^^^ 
through a common data network system. 
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10048] Further embodiments ofthe sensor set 109 

these„sorsetl02 which can then H 7''* '"''^"^"^^"^^-^^^^--P-tureof 
For example for;r °"°''""'^^^^''"^°-f*-enso. 

5 canLusedto2"es? 

values to more accurately reflect the actual 
^•ureacuonsm the sensor set 102. Forexamni^ o 

^ rai. iNos. 4.562.751 - . 4,678^408; 4,685.903 =6f 4 57^ qq4 ? i.- u 

incorporated herein by reference) to cn.tr , ^ r ' ^"^^"^ 

fOOSm T, u.- ^' ^"^''^^^^^^'^°fi»s"li°toadiabeticpatien^ 

10050J Embodunents of the flexible pWtr. K • . '«'eac patient. 

aocordancewiththinfihnmJ ?■ 

witn thm fihn mask techniques to include elongated thin fii 

embedded or encased between laver. nf , . • 

i^ciween layers of a selected insulative matpriai cn,^>, 

with paSMt blood or other bodvflui*^ '""'">^«»<'°«=t«».lact 
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e^te«c moni»r — ner 202 by a com, ^OIWBCTOR". 

^ ■ TT <! Pal No 5 482.473, enbtW "FLEX ORLUll v, 
desmlirfmU.S.Pat.No.5, „ Thus in accordaKe with 

^*i.aisoi«rcininco,poraiedbyrefe,e«. Thus m 



200. 



3. DynanucGlucoseMonitoringF^ctions f,,,tmuous 

25 toward bwogly«miol«eb^ „„„„riu,r the dynamics of a physiologioal 
10052, Thedisc.osede,nbodn«e..s»".orm^^ 
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physiological condition. "^"^ « <la»8erous 

[0054J ia some embodiment.! nffj,^ • 

the invention measures aporoxi . , ^P''' embodiment of 

10055] familhistraliveembodimmt A. 

«IWn>priateIy alerts aepata, *7^'^=™*™i'te"i^Pmbabfe 

^ *=—'t,a„d«o*teflte^ value ,r^"'"-"«"'^''»-«'I^SfterU, 

values (SO called fcute impulse response- pre fii* ^ 
™ofpa.,seos„„al„esa.dpas.a.e^vata»(J!r™:""^""*''^ 

o«pu,). ore.>pl„,„„,., ^*'P«««'-Se 

output (e.g. Werner and Kalman filter 
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. ..nt rfiltered) value is in the "quaHfying range", 
W„otl»mtedto,»singaSan«kyg»lag „aeclmmga.moietha„30 

^T'trr-— ^^^^^ 

10 notltait.dlo,g«teltolOOmg/dL) Byh ^„,^„of<h. 

canbeunconcemedwithratemagmiu ^Wch merely monitor the 

15 car»«<4«»BrisUovalue,canbett.gger»l , 

^h^eb.oodg.ucoselevelsared^ppiBsCe*.*"."''-'^'"' 

■ ■ ,„,h=ra.eofgluoo^changei.neg«ive).Th»s«.»l,ldO/dTlexcc«ls 

pertaining to the rate oi giu^ o 

glucosechangerateisexceededforaspeafied ^,gi,^se level, can be 

range, (e.g.,but not limited to. 100- 150ms/dL). 
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^ v*«. 3ppH«. « „ ^ ^^^^ ^ 

selectively or togeflier. 

100591 ll^Mowingcon.rolprogran.pseudocodeprovid.sa.cxan.pleofa 
embodiment of the invention. 

REPEAT every minute) 
{ . 



15 



20 



25 



Measure glucose level 
Filter and store the filtered value g 
is in range 100 - 150 mg/dL) 

THEN 

Pit a line to the most recent 10 filtered (or 

alternatively, unfiltered) values- 

IF (dG/dT for that line < f ^ 

xxiie < t - 3-s per minute ) 

THEN 

Alert the patient and record in history 
ENDIF ^ 

ENDIF 

} 

END REPKAT 
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^^„».ureme„.«wi«n,h.ranse,as>op= ^^^^^ 

an alternative to usmg a filtered me 

^„eosel.ve.,arehi*.ndrcla»vclys.»d, low» ^^^^^^ 

„p* «s Sivs«»P-'-"^'°.*^'^,^„^. Waen.. 
^p^artordovmwardtoaBd avoid an^Bpa^ifi^"^^ 
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'Average Wood glucose and the rate nf ku^^ i 
5 previous hour Th. """^^^^^^^^o^ glucose change for the 

■"S-dL and an anfcipaW waking taa of T-oT AM ! 
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^e«-«W s»ch calculations nc.l„n.t=d»*^ ^ ^ 

..«,„.ca..eaue.a.v...ea-^---^,^^ 

Uo«* level is compare. .0 an ^ "U. H^e p»dlc.ed 

^^,l.coseval.cfa,lswi«nU,e,an^*e^ 

gl^se valne Mis outside fte »ge, amonmg glucose m 
10 338. 

,.0^ i,,not...en>bo6^^^^^ ^^^^^^^ 
i^ycemio(o,hypog.VC=-)-* ^^^^^ 

, T.n»i»al.^-^-2 elt-ealesglueose,-,^-^ 
:rrri::XaUce„.c..^..^c,«.en.. 

^--"^■-t^Lt.r— es,ucoseva.esa.aspeci«c*ne 

[006*1 .^^ ^ 5 miuute intervals, appUes a 

,0 in.e,val(e.B.onceevety-ut..and.h^e^ ^^^^ 

3^.^fi«e.,o*isgto,.por,^u^»lJ * 
„.„„ni»calo„la.esme slopeof atoe fi 

..„ple,bu.no.«.ed.o,s« values). If te*P j^^^ ^^^ 

monitor alerts the patient. For hypogiy 
^^naingtolowghteoseleveU-uMbe.^^^ 

l„0«^ ^••■--'""^'-'^""^"^C.scussed. The,..e^.dva.ue 
appBed in de(«mining » shcose crash pievtously 



21 



25 



WO 03/057027 

PCT/US02/40378 

"ing. jn nuther embodjments, multiple qualifVine ran^e^ «nH x. 

rates can be applied to evaluate th. i . ^'^"^g ranges and threshold 

10 hvn. , ^'"'^''^>^^'=«^ddetennine triggering a 

10 h>P«rglycemic(orhypoglycemic)i„cidentwamng. ' 

[00681 Here again, in some embodiments the criteria r.„ u 

m TbereoordL^r Mock 
recorded value rs compared to a (teshold value at block 35S rf .i, 

™uedoe.uo.e,eeed.e.r.Mdv.„e(e.....„.r::::::„ 

mg/dL), the process returns to block 352 Tf a ^ . " i«U 

t^Mdvalue^slopeofaJZirr^^^^ 

354 Thecalculated , • '""^ «al«"lated at block 

^l^«^^^»Iatedslope,scomparedtoathresholdrate(efi butnntr . . 
+3%perminute)atblock362 Tfth . • ™^ t^'g- but not hmited to. 

processretun.tblor5r^^^^^^ 

anticipatedhypergl ITL^ 

yp g'ycenHcmc,dentisreportedatblock364. For hypoglycemic 
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... for l„„ g,«,se levels would bo As noted 
Wde„.,— d-s^r™ S ^ 

estates fd«2 „^„^Hmi.ed».fore.»^^^^ 

the art including the slope (and that sucn 

determinations based on y = mx + b). 

„gaged acttv^ty of *e user. For P ^_ ^ 

perfoonance during « endurance type aet,v,ty( _ ^ 3^ .^tagly 

low glucose levels. w„ olucose levels and alerts 

,0^, MsueK— enU>enro*ran«c,p.«-^^^ 

.eatMetetoln^estcarbohydrates. It.unpor^Uo^^^*^^ 

::r:::rr::rr:iie..c^a...es.. 

r.,dr^and.Uper.o.n.e.ee.t.e,ya.^^^^^^ 
^.....,«n..Uer»— ^^^^ 

----- :r::— 
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range 60- 140 mg/dL. 



range 60 - 140 mw^- embodiments for maximizing 

100731 SimUartotheglucosecrashmomtor memb 
athleticperfbnnancethequaUf^ngrangecanbeaclosedrange(e.g.. 
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an toggered when the reading is too high or too low However in . 

a filtered measurement value The filtererf "proauce 
376. At block 378 it . ^ , ^^^rded at block 

Atblock378..detern.,nedxftherecorded value falbwithina<^ 

^ge(e.g..butnotlimitedto,between6Gto l40mg/dL) Ifhot tl, ^- ^^^^ 
to block 372 Ifth. A ^ ^' "^tunis 
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4. MuWpl.GlucoseAlarmFu.<*o,. ^^^^^eanb. 
.....™M,ca,a™.s..«— ^^^^^ 

distinguishable from the first narrow ^ g „.^te action Alarm 

, ,r«oredangerousconditionrequirmgimmediateactton. 
10 level reaches a more dangerou .^^Wnationsof alam 

indications, or the hke. In the case ot vis . ,,u, fi«t alarm level; and red 

fortes^cndalaxmlevd. Thev,s-alanamd.cabonsmayfla* 
IS combmed»i*o<heralam,indio«i>.«. ^ , _ ,yst».. ftete 

,0 ^--'-'''""^'"'^'t"7„.„^.,W.ed.oha™g..owe™g 

pitete. Alternately, tat«.mtt»at erwavenng J ,„b„di„,„,s, the 



indicators. 
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[00781 m stiU further embodiments, threshold values and associated alanns can be 

set accordingtoaschedule. For example. butnotMed to. particular alan^^ 
set to be active only during selected portions of the day. 

[0079J FIG. 4 illustrates a multiple alann function of the invention. A plot of the 

momtored characteristic value400(e.g.. blood glucosOchangingover time is shown 
A typxcal wide alann range 402 is defined by an upper threshold value 404 and a 

lowerthresholdvalue406. If the monitored characteristic value 400 should exceed 
the defined range and cross either threshold, an alann is initiated to indicate to the 
user to check his blood glucose, m one embodiment, a distinctive alaxm can be 
associat«iwiththealannrange402. Thus, the same alann is produced whether the 
-nge 402 is exceeded by passing the upper threshold value 404 or the low^ threshold 
value 406. M other embodiments, distinctive alanns can be assigned to each 

threshold value 404, 406. ..fiutherembodimentsofthe invention, otheralann^nges 
canalsobeset. For example, a second nan-ower range 408 can be set with a lower 
15 upper threshold value410 than that of the ^vider range 402; and a higher lower 

thi^holdvalue412thanthatofthewiderrange402. As with the wider range 402 an 

a^is initiated if the na^owerrangeisexceededbythemonitorcWt^^ 
400. Here also, alanns can be the same or different for each threshold 410 412 

[0080] ^eabilitytosetdifferentrangesandassociatedalannsaUowsthlmonitor 

tomuned,atelyconveysomeinfonnationaboutthecondition=oftheuserevenbefore 
checkmg the actual readings. Particularly, using the narrower range 408 and 

associated alanns allows the user toWofanegative^endti^at does notrequiretiie 
same urgency as an alann triggered by the wider range 402. In effect, the user is able 

*«-^-'^Medanns,eachindicatingadifrerentlevelofurgencyand/ord^^^ 
25 conditions. In some embodiments, threshold values for alanns can also be set 

independent from ranges. 

[0081] m addition, in stiU firrther embodiments alam.s or indicators can be set 

according to the direction in whichathreshold value is cnx,ssedbythemonitor^ 
characteristic value 400. For example, as the monitored characteristic value 400 
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charactenstic value 400 crosses ^onbeorovided. The 

3^„i,,o„lyb. given when cross,nga — mJ^^ ^^ 

,5 5. Ad,an.edB.oodO>uoo»eKe*de,Fnnc«o. ^^^^^^ 
Mtedto,audit»ry,v«»l.tac»le,e.o. a. ^ ^^,„,„sutas. The 

j5 or lo» sensor nKJasoremenls. .^^es can use event markers that 

,„„S„ Ch.rao.er«cmo.i».andm«.s.onde^c- 

p,ace,agsinfted^f«reve.»tt»'-'«P-«-f „,,„^ 
lercise.anahi^or.»h,ood^.cose,For«.a,n....bn^n«h™.»^^ 

i„i.s,ondevrceiden«ae»ahi*or.o.h,oodg>ucoseeven.»*er...ca„ 
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to« ta. ™^ a, ^„ ^ ^ ^^^^^ 

ypy safer by cnco^^ ^ 

Whedtooharaoterisacncuton,. P<.r«an,p,e, bu,„„, ..fc^^,,,,^ 

lamnd a uaar to oheck their blood gtoooso levels at a laler dme 

I0084) In aAlWo., ateminderttoer cat, beset that is triggered ifa bi«Kl glucose 

value ts entered. Tor exa„,ple, brt not Med to, the reminder can be if a,e user 

,0 ^°'°"°''*''°°'^"'^'^""»'^-"'°-.,efere.,ceorcaH,^^^^ 

W A™rfndertimercanaUobe«8geredbyauserp,„viding,reft,e.cevalue 
«..bemo,n,or.™„^,ieusercanbere„Wed,osopplyane„refe,encevaln.a«er 

ZTTJ"' ™^ ~" °f assu-i. 
« Ablo«,glnc„se,e„,indereanalsobe«ggeredbyhighorlo„n,easnre.nen, 
famtbesenaor. Thus, the monitor will re,ues, a blood gteoscr^er«,ee value 
■tang a„ excursion away ironr dte nonnal range of values. He trigger for .his 
remntder can be tempered by setting a mimmum time between reminders to avoid 

P«tedngthe„aer.rasremi„dercanbensedtoprovidemo,erobus.da.aforeurve 
fi«n« as cotrelation imp^ves with variabiUty in the data pai„. Tic reminds 

promotes more frequent data Miectio,, during more ctttcal 

l™.ed to. when blood glucose is Ugh or too low)andtbe,efere the intetpolated 
curve for thts pedod is more reliably representative of lie true curve 

[00871 0"'»=I»"behi«ith.useoftheseremindersiathattheyalsoserveto 
prevo,, redm^dan, and excessive alanns for the user. For example, if the timer is 

remove, ft„mtbepreviouslydescdbedhighorlown,easurement,e„inder,the,esult 
would be a stmple hypoglj^a or hyperglycemia alann. Uaing a reminder 

however .hemessage is not .ha. .heus«-ab.oodgl„coseis„u.„f,^R,;t„.^ 

remmdersmessageiatocheclcfl,e«ser'sbb„dglucose„ithame.er,orthelike.Ifa 
user s blood glucose ia vety near an alann tHgg«ing fceahold. », alann might be 
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regaidlessof the present Matime, nine b 
^ wed », ..00. ) is s.ow„. one . r^.^^ 

.^erisa.so».a«4a«...e,p-on^-^ ^^^^^^^^^^ 

ltaitolto.atpom<510)wdln«'« when the intervening 

l««91 However,fl.esi.«aaoncanbesomewha.d.fferen wh 

,0 Ls^---'-«'-»«^=^"Tre"5U la -^^^^^ 
*:n9 is exceeded (e.g., but not limited to, at time 512) and tim 

--«--<-rr:^r::^— eaa..e.^^ 

'-«'-''«"'»"'^''°rrCIw«d«.a.«me514).b«.arenanderwin 

25 expira«onof««W'»«(=*''"*°°'^'7 • united ,o, at tae 518). 

V ■ .4 ...ksmoirationofthe second tmier(e.g., but not umi 

be issued at lie expiranon j^ii,, fist reminder because the 

h-thiscascexceedingthes^ondrangeoverrtd^thcfe^^ 

.e^nd aiarmisadifferent, aibei. related, ^^J""^^'^,^^ ^^.^sUc 
however,th.»se„fren*.dersisnotlinn.«i.on»M.o™.gh.ghand.ow 
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valu« to. cahbnhon a. weU ^ ev« e„,„^ 

6. GI"=»KMoiiiloni,gM<>iiration Management 
5 imoj A.otaaapac,„,fl,efavcntafaU,p^vid.„eamngf.,„.„sp^„„e 
'°*""''°"'°*''^«"'^"'=™>"P»i-lar,are.ro^ave display of 

™«rmo.ph,.i„,„gjcalval„«ca.p„videsi^ca:,,,y„.e«.da,a.As«os^ 
.h.r«,o^vcdisph^c.„,««^^i,,„^^^^^^^^^^^__^^^^^^^ • 

^"«"P'-'"-«e<„„,.„,es,eeptag„„^,«. 

b«c«fc,„ar.a.-faedispl.y.are.rospecHv.viewofd.«istap„^, WMea 
aunple hsta^g otp^^ ,„„^ , ^ ^ ^ 

provdcs infc»™ta is diflicul, .0 visualize and co„^,eh«,d and «,„nes ' 

«^can.M.m„^spacw.W„fcdevice.ft,viding„sefc,infcn»a«o„teiseasy 
.5 l"lrf "■''^""•''='"«'"'«"'--'™»„^spaceiave^io^^ 
11» abd,5, ,0 rev.ew daB fi.n, tte preWous sleep ^06 is particnWy helpM u> a 

-r™ttnoc^™all,yp„glyee„,a„...aa™ee^,,,3*e.is,ypieaBy„o^.„ 
^e,ea,-taned,splay.These„.as„^c»,eeven„<,.i„^^i„,3^„^^^^ 

atom system can exWbi. many falsep^Bves and/or filse„ga«ve.,wuehnigb, 
olhenvi^ tolrate the user and lead to noa-nse of the monitor 

20 !»«'■- . »e following adv^^ced daupresenw^ 

and efflcently store and display useh. i«taation» a screen a nser to review 
whdethemonitorisinnse.,le.oo.sp,ovideuseMint<™,ation„Ml.re^gon,y 
anummalamonntmemotyspace. Il>esedaUp.es«.ta«on tools can also be used in 
™P-«veana.ysisp.ckage,suohassoW™nningonaoomp«eror 

value hmrts (e.g.. but no, hmited .0, acc^table blood glucose rangea). For example 
^-o.lmntedto.thehmitseanb.theadius.ab,eh,poglycemiolhJ^^ 
alann thres^lds Of amo.it... A^em^ely. tbrstandardi^„„hetc«>rclbe 
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rc:;— 1,:— — 

as discussed below The number of 

, r;:::^^^ 

* A hieh number of incidents exceeauigci 

treatment program at a glance. A mga n 

mdicateaneedforimprovemeats. ^wion data presentation. A 

rftftQSl FIG 6C illustrates a characteristic value distnbution data pr 
100951 woffersaverypowerfultool. maprefeired 

20 simpledistributionofsensorvaluesoffe.av^^^^^^^^ 

• embodiment.tbedistribu.onisde^J-^^^^ 

withthe duration ofmomtor use. OpUonaUy.am^^^^^^^^^^ ^^^^^^^^^^ 

^diBg. above a hyperglycemic atom level, a perc«.t.g 
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as*o™„m6C. Op«o.any.aeU,Wtoecove,.di„»,e»alysisc»„^sobe 
d^played. SimiWy. ^ alternate display can *»w toe sp™, above a 
hyperglyce^c ala„„ „vel fte tae spen, Mow a h^oglyce^e alann level and 
to. sp«>. wiOn. alam, range (not *o™). As mentionad. fte time base display 

^u,«sata„™,o.al .toe aspartof.be analysis. Finally.adispiay can aisoinelude 

number of readings above hyperglycemic alann level. Ure number of readings 
below a hypoglycemic alann level and U.e number of readings wiWn alam, range 

(not shown). ^ 

[0097] FIG. 6D illustrates an integrated characteristic value data presentation 

Perfonninganintegrationofthe readings ou^ide the alarn. levels withrespectto^^ 
can prov.de a nieasure ofthe hypoglycen^ic and hyperglycennc events' severity In 

addition, theseresults can also be scaled thesebyatotal sensor time to prov^dea 
measure that is duration independent. 

15 [0098, Forexample.a'l.yperglycemicarea»canbecalculatedasthesumofthe 
differences between the readings and the hyperglycemic alann limit A 

'Txjpoglycemicarea" can be calculated from the sum of all the diff^^^^^ 
the hypoglycemic alarm limit and the readir^gs. A "hyperglycemic index" is 

-'-l^t^dbytaldngthe-hi^erglycemicarea-anddividingi^ 
sensoruse. Similarly,,the"h3^.p^^^^^^ 

•hypoglycemic area" divided by the duration of sensor use. 
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CONCLUSION 

I0W9, Variousalannsand/ormoni.o.mg^^^^,^^^^^ 

oru^hzed^aoteaUrmsand/ormonit^ngaspects. He possible embodim«,.s 
and/or combinad™. should no. be limited to tte specific embodiments described 

above. 

100.00] M^-cUesttedescriptaineludingtheprefe^iembodimentsofthe 
present mventioa The fo,egoi„gdescriptio„inch»ling,heprefe,red embodiment Of 
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Itateadedto be exhaustive or .oW.U»m,»tion,otopr««f6nntolosea. 

::;:2a,e..n,oa«o.sa^v3Hatio„...pos.W."^<>f--- 

, ,Usin.e„<,eaU,a,«.e^peof*.— =e«.^notby«.sdeUi.ed 
5 [00101 J ui^ mi .u,r„t„ The above specification, 

J r^f thp invention, oince many ciuu^^ 

apparawsandmeftc^ofthemv ^^^^^^^^ 

canbemadewifhouldeparongfromfl-escopeo .^.^Ueations 

,0 tofteclata^hereinateappended. Ttaoughou. to appUcaUon vanou. P 

itLneed. The«osv^o,..esepuMicatio:.a«.e^y»-n»ra^^V 

reference herein in their entireties. 
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WHAT IS CLAIMED IS: 

1- A physiological characteristic monitor, comprising- 

-^"P"^d--ecapableofreceivingasignalfiomasensor,thesignaIbeing 
based on a sensed physiological characteristic value of a user; and 

5 ^P^^^^^^'-fo^^^y-ingthereceivedsignaliwhereintheprocessor 
deterxnines a dynannc behavior of the physiological characteristic value; and 

P^-'i-a^observableindicatorbaseduponthedynamicbehaviorofthe 
physiological characteristic value so determined. 

2. Thephysiologicalcharacteristicmonitorofclaiml.wher^i^the 

Ph3..olo^calcharacteristicvalueisameasureoftheconceatrationofblood^^^^^^ 
ui tne user. 

3. ■n^PhyrioIogioalctarac.erisdcmoni.orofcIafal.wher.inanal)^ 
*e rec«,ed Signal and dete^^g a behavior includes repeated,. 



15 



ctac,a„*cvah.e.a„da.a,^gara.eofcha„geord,ephy.„,„^ealcJL^ 
vatac over tone fem U,e series of physiological eharaeterisac values. 

4. ■a»Pl'ydologiealehar«;ttris«omooitorofolaim3.wtareineachof 
fte s«,es of physiologiealeharac^isdc Va.„^ Hch,des a s„ooihing aeerei g™.p „f 

repeatedphysiologiealdBnicteristicvataereadings. 



20 5. THephysiologicalcharaclerisUcmomtorofeIaim3,wheretoaslo, 

. luae m to fte sehes of physiological characWsBe values i, calculated if a most 



a slope of 

recent of U„ series of physiological chan>cteris«c vahes is »i«u„ a",u;Bij™"lge. 

6. ll«Pfc>^°Io8ic»Icharacterisacmouitor„fclaim5.vvhereiatt,eslope 
IS negative. ^ 
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in the user. 

,0 ofphy^iolo^calcharaceristiovaluesspansaumepenodof » 

minutes. 

. • wnfclaim 5. wherein the senes 
,5 <.fph,»ioWcalchaxac«d.«cvalucs.pa^.»n.p»odo PP 

minutes, 

,3 Thephy.o.,calcharaote.stic.onito.ofclai.^^ 
.naiCorisprovidediftheslopeissteeperthana^eshold^te. 

^ephysiolo^cal— sticn.o^to.ofcIai.l3,wh^^ 

20 tbreshol<irateisapproximately3/operini 
approximately 100 to 150 mg/dL. 

• ipwacteristic monitor of claim 13, wherein the 
15 The physiological charactensucm 

Lately l%perminuteandthequali^ngrangeis 
threshold rate is approxmiately i /o per 
approximately 60 to 140 mg/dL. 
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I«. l»=P''!^»l«SioalcWteriaicnK»utorofclai„,3,„herei„„ 

18. The physiological characterise moritor of claim 16, wherein the 
^^^«ofp,^o,„,c-.a.c...„.„.spa.a^eperi.„,^; 



one 



10 e.uJL '^.''r°'°''"'°^*""°°""°f''™'«.»'«-.i.e 

« befo,e»,a„acipa.edw*e^«„, - ««.x,:.a.ely 0^ 1„„ 

21. I*=Physiologicalcharac«ris«cmom»>rofclaimI6.wh«ei„a„ 
md.ca^.pro„,cdifa,,„«patedva,.e.ceedsa,„ali^,^,, 

22. liephyaiotogical characteristic mordto, of data, 21, wherein ft. 
<.»ah6nn8ra„geisapp,oxin.,telyS0n,8/dL«,126n,j/dL. 

a,ineaLer'''r'°^'''*'"'*^""°*'°'''*^--'»*»»'ope^ 
l^n. Of 1 s ™7'«- vah.es is calcnlated if a .os. 

-mofftes^esofphysioio^calcharacerisacv^^cecdsatasholavah.. 
is posi-i!^ -oniter Of cUin, 23. wherein fte slope 



20 
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,5 Thephy^olo^oalch.«=.»Wc-o«,orofclaim23,wbe,eta*e 
Mcatori^Wesawamingofananacipa^dh^^glyce^cincden.. 

26 Th.physiolO|icalcha,.c.cristic«.i.orotoWm23.wh«into 

5 thirty minutes. 

2, Thephysio.«8icalcha.ao.aristtcn™i»rof.lain,23,«h«i«to 

Moalor is p»vided if fte slope is steeper .ha„atohold««. 

■ 28 Thephysiologicaloharae«risttcmo«».ofclaim27,.berein*e 
«„eshoidra.eisappro,ima.e,y3%per,»»..eand«>e*esholdval„e« 

10 approximately ISO mg/dL. 

29. Ame,l.odofn.o..i.oringaphysiologicaleharaet=risticvalue. 

""^r^Tii-^ase^.-.^*-.--"-^----' 

characteristic value. 

30. T,e,nearodofcUta29.«hereinthephysio,ogica.oharaeteris,iovalue 

20 is a glucose level. 

31. T^enred.odofelato29,wh.reina.«Iyzing«»rec^»i^^a.and 

,e.enni.ingadynan,icbehaviori,«,«desmca,«ing*ep«ca^o^« 

!^o.Lrseriesofp.ysiolo^oalcharae.eHsdovaluesa=.a.*^^^ 

2ge»f«.ephysiolo^ealcl«rao..,isticov««n.cva.»efto.mesenesot 

25 physiological characteristic values. 
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32 ™«»=thodofoWm3I.„h«A^hofd,.seriasofphysiologica, 

phys,o,„g,cal cha^aerirtc val„« fa wittfa a ^g.. 

34. U. method of claim 33, whe,eta the slope is negative. 

35. T*«"ethodofclaim31.whe™,theindioa,„ri„eludesawan,ing 

.« :r:::::hir::2^~''"---^---- 

36. Th=n,ethodofoIaim35,„he,emthewhe,ei„U,.ply^„,„.,^ 
oha,acten.cva.,.isame.s™of«.eo„ee«^^„,„„^^^^ 

38. Themeth«l„folah„33.whe,«ntheseriesofphysiological 

i9. •n"=-ft«1ofclaim33,„hereinthei„dicatorincl«icsa™nm.g„f 

anticipated low glucose. w^nmg or 

33. whetei, .he series of physiologica, 
ch.r.eten«,eval„esspa.atimepeti«,„fapp„,ima.e,y.hi«yminl. 

41 n=-n=tho<>ofehim33.when=mthei,rfiea,„,isp„via^ifa,. 

IS steeper than a threshold lale. <»umeslope 

42 Th=>"*o<iofelaim41.wherei„thethrcsholdmeisappr„«mately 
'''''"™="^'^'-'^*™*-approximatel,l00toI50^dL 
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5 physiological characteristic values. 

45. ne™e,hod<,(clai.44,whetci„.heindica.ori»=.udesawatningof 

an anticipated morning glucose incident. 

46 ueme,hodofclaim44.»he,eh,fteseriesofphysiological 
^^ristic values sp^ a time period of approximately one hour. 

47 Theme,hodofclaim44,whereinthee,trapo,atedc„rveisdet«™..d 
^a!ieofalineetto*eserie3ofpl>ysiologicalcharac.erisU"aluesandan 

average of the serie. of physiological characterisric values. 

48 Themethodofclaim44,wherein.heanticipat.dphysiolo^oal 
.h,.ot:s.icvalueisdetermin.ap^*.-ydueehoursheforeana^^^^ 

15 wakeuptime. 

4,. Theme.hodofcUim44.»hereinteiudicato,isprovidedifthe 

anticipated value exceeds a quaUSring range. 

50. xheme*odotclain,49,»herein,he,uali^»g-Seisapproxi»a.ely 

60mg/dLtol26mg/dL. 

51 Tl.en,e.hodofc,a.m31,whe«iuaslopeofalin.Kto.heseri.o, 

2" 1 lo+^riifi. most recent ofthesenes Of 

physiological characteristic values is calculated if a most reo 

physiological characteristic values exceeds a threshold value. 

52. The method of claim 51, wherein the slope is positive. 
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an aoacpated hyperglycemic tooidau. "esawammgof 
oI»«^cva,„es,a..atoeperto<,„,app.^3.e,yJyL,:r 

-j^atrrr"'"-"^'"^'^*-"'^---"'- 

56 •^^'"^'■odofclatoss.wheretafcaueahou^j^ 
''°'"™'""^"-«^'<'vah.eisapp^,„30mg,dL. 
57- A physiological characterisdc momtor, comprising 

charactenstic value of the user. ysM>iogical 

58. The physiological characteristic monitor of claim S7,K • . 
n.ultipleaW3redistinguishablei.o.eachother. '^^^^^^ 



59. 



v^-.^aK.acU.e.gltnX'^'"""""""^"""""'^- 
Th«P''y*logicalcharac,erisUcmomtoofclaim57 wh.«i„»,e 
are based upon the physiological characteristic value. 

-.JXa.r:!:::;";^""''""'"'-'"-'- 

oiggeredifthe physiological characteristic value evr^ 
associated threshold value. ®^ 
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T.e*sio,o^o.lcharac«ri»Hemonl«>rofc.aim60.wheretao„.ofa 

5 respectively. 

are each associated with a seconu uyi. 
10 value, respectively. 

characteristic value of a user, 

characteristic value of the user. 

65. Themethodofclaim64,whereinthemultiplealannsare 

20 distinguishable from each other. 

Theinefliodofclaini64,whereintheinultiplealanrisiucludesign^^^ 

66. The met ^^^^^ ^^g^^l, 
selected from the group consistmg of audible sign 

and displays. 

25 physiological charactenstic value from the receiv 
based upon the physiological characteristic value. 
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nsac value exceeds an associated threshold value. 

Pdir 01 me multiple alarms are each associated with a seon^H 

"^^^"^^--^--^^owerthresholdvalu^respecti^r 

71. Aphysiologicalcharacteristicmonitor,comprisiiig- 
an mput device capable of receiving a sienal ft«r« 

a processor for analyzing the received signal- 
'^^^^r^to^^t^r^ expWo.„f .he toe,. 

d«a..of»e*n..p:e.e.,.e.^„^ei^«a^e„^,J''"'^' 
'^'''^■°'°e''=^'*a»«erisaem(nutorofcla,„,7i „k ■ . 
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M^Mood ^co.n,».er ^alowblood ^»co..ma*cr. 

,5 Tl.phyrio.og>caloh«c.e»Scmo*rofelaim71.whered„fl» 

aphysiOogioa, charac^.* va>ue .^»*e,«e,v 
Lo»ai«onba^upon.>.ep«ca,oh»c.ens.cv3lu.. 

,8 T.ephysio.o^ca.charac^tf"-*"''''^"'™'':**! 

„ Amctt>od<.f.r,ggenBgarc™d..oa»3Cofaphysio,o^ca. 

. , • 70 wherein the reminder includes an alarm sigaal 
20 ^^^f^^^'^^"''"'^ ^ 



and a display. 



upon the initiating condition. 
25 is entered into the monitor. 
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should be entered. ^ ^^^^^''e value 

85. The method of claim 79 wherein th. 

a prowsso, «>■■ ^aly^iog Uie receive dmal all • • 

-pto.Z'r::rrr;::r°"^"^'-^-- 

blood glucose value and the retn,. 7 V " 

89. The physiological characteristic monitor of claim . • 
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.mod .lucose value and a second nuniber of excursions below a lower 
aboveanupperbloodglucoseval ... ^^.^^ ^^e first and second number, 

blood glucose value and the retrospective display shows the 

.0 Thephysiologicalcharacteristicmonitorofclann87,whereinthe 

l«twea.<he»w«valueandael<™«value. 

,0 sccondandthWpottionsarcsho^nasperceBtages. 

^, Theph,sio,ogica,c*s»»*^»xofdata90.wherein«.taU 

second and tUid portions are shown as times. 

,3 Thephy«olo^caicharac.erts.cn>oni«ofolaim90.whe,**efi>* 
se<«d snd tod portions are Aovm as »nnb» of readmgs. 

,4 •n>ephysiolo^calcha..«ri*n>om«ofc.ain.90.wborein«» 
disp.a,inc>»d«..ou.*nefo„.op.,sioio^-.oha,a*rts«cval.oda.. 

« ThepMolo^ca.cha».«i*cmo«»rofc,ain,90.whe,ein*e 
a.,a;wesa:l«n*«orread^to.*ep.,.oio,oa,— ^ 

data. 

96 Th.ph,siologica.oha,ac.erts.icmoni«ofc,a.n.90.wherein*o« 

portion a»l tt« second portion are sl,own as integrated valnes. 

„ T^ephysio,ogicalcha,acteristicmo»«.ofclai„96,wh«in«ae 
. , ,la.uesax!basedon.hes»sof,nagni«.dcdi«crencesfiom«.enppcr 

25 portion, respectively. 
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va..r:r:::r:::::— ------- 

*mg physiologioa, cha«taM„ value da,a of to „«r a™, 
*o™ga..^,,^^,„,^_,^^^,^^^^^^^^^^^^ 

100 ll'«m«l«xlofclaim99.wh«ta,he*redphysi„l„doal 

o|jiay &nows me minimum and maximiirn M/>^^ i 
a respective time and date. ^ 

101 ^«-«thodofclaim99,whereinthestoredphysioIogical 
valueandtalowervalue. '"""^ 4e 
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are shown as times. 

,0, r^^oU^^ 102.w.erein«.e fir., second and «>Hpo.«o- 

are shown as niimbers of readings. 

. 1 • 1 wherein the display includes a total time for 
5 106. The method of claim 102, wherem me oip 

the physiological characteristic value data. 

.1- 107 whereinthedisplayincludesatotalnumber 
107 The method ofclaim 102, wherem me u v 

ofreadings'forthephysiological characteristic valuedata. 

10 portion are shown as integrated values. 

u . fH«iml08 vrhereintheintegratedvaluesarebasedon 
109. The method of claim 108, wn , . ^^.^^eandttielower 

^esumsofmagnitudcdifferences^omtheupperhlood^- 
Wood^ucosevalueforthefirstandsecondportion,respechvely. 

15 respective duration of sensor use. 
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Repeatedly measure 
characteristic level and obtain 
a group of values 



Apply a smoothing filter to the 
group to obtain a filtered 
measurement value 



Record the filtered value 



NO 



Calculate slope of line fit to 
series of filtered values or 
series of unfiltered values 



Indicate anticipated glucose 
crash 
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Measure characteristic level ^ 
and obtain measurement 
value 
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1 Record measurement value 




Periodically repeat to 
accumulate series of values 



Calculate average of series of 
values 



Calculate slope of line fit to 
series of values 
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Determine a predictive curve 
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Repeatedly measure 
characteristic level and obtain 
a group of values 
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Apply a smoothing filter to the 
group to obtain a filtered 
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Min: 62 mg/dL 12/10/01 08-15^ 
Max: 132 mg/dL 12/10/01 12:05 

FIG. 6A 



CDO 
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^ Above Limit " 

132 mg/dL 12/10/01 12:05 
129 mg/dL 12/10/01 18:23 
Below Limit: 

62 mg/dL 12/in/mng^q 
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15% Above Limit 
80% Within Range 
5% Below Limit 

^ Tntfll Time: 36 Hours 

, O CCD- 
FIG. 6C 
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Hyper Area: 
132 mg/dL-hr 12/10/01 12:05 



Hypo Area: 
62 mg/dL-hr 12/10/01 08:15 
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